We report 2 cases of plexiform angiomyxoid myofibroblastic tumor of the stomach, a tumor entity that has not been described previously. The patients were a 50-year-old man (case 1) and a 68-year-old man (case 2). In case 1, the patient presented with acute abdominal pain. The tumor in case 2 was incidentally found at laparoscopic cholecystectomy. Grossly, the tumors were 4.0 cm (case 1) and 4.5 cm (case 2) in their greatest dimension, and they were recognized as submucosal tumors. The tumor caused gastric perforation in case 1. Histologically, the tumors extended from the serosa to the submucosa of the gastric wall, showing a plexiform growth pattern. Bland spindle tumor cells were observed, and they were separated by abundant intercellular myxoid matrix. The stroma was rich in small vessels. Immunohistochemically, the tumor cells were positive for a-smooth muscle actin and muscle actin, and negative for KIT, CD34, and S-100 protein. Electron microscopic findings were consistent with the myofibroblastic nature of the tumor cells. No mutations were found in the c-kit and platelet-derived growth factor receptor alpha genes. Although clinical follow-up data were insufficient, the histologic appearances suggested the benign nature of the tumors. However, the tumor in case 1 caused gastric perforation and necessitated an emergency operation.
T he majority of gastrointestinal mesenchymal tumors are gastrointestinal stromal tumors (GISTs), and they are characterized by high frequency of positive immunohistochemical reactivity for KIT and mutations of the c-kit gene. 4, 7, 9, 10, 12, 13 Recently, mutations of the plateletderived growth factor receptor alpha (PDGFRA) gene have been reported in GISTs that are negative for the c-kit gene mutations. 3, 5 Other mesenchymal tumors that need to be differentiated from GIST include leiomyoma, leiomyosarcoma, schwannoma, desmoid fibromatosis, solitary fibrous tumor (SFT), inflammatory fibroid polyp, inflammatory myofibroblastic tumor, and fibromyxoma.
In this paper, we report 2 cases of plexiform angiomyxoid myofibroblastic tumor of the stomach, a tumor entity that has not been described previously. The tumor is characterized by a plexiform growth pattern, proliferation of bland spindle cells that are separated by abundant intercellular myxoid matrix, and stroma that is rich in small vessels and histochemically positive for alcian blue stain. The purpose of this report is to describe the pathologic features that distinguish the plexiform angiomyxoid myofibroblastic tumor from other gastrointestinal mesenchymal tumors and present its clinical features and behavior.
MATERIALS AND METHODS
We obtained 4-mm thick formalin-fixed, paraffinembedded tissue sections of the tumors in both the cases and stained them with hematoxylin and eosin. Alcian blue staining was performed on selected sections.
Immunohistochemical studies were performed by the 2-step method using Histofine Simplestain MAX-PO kit (Nichirei, Tokyo, Japan). The following antibodies were used on selected sections: vimentin (1:100 dilution, Dakocytomation, Glostrup, Denmark), KIT (1:50 dilution, Dakocytomation), CD34 (1:25 dilution, Dakocytomation), desmin (1:50 dilution, Dakocytomation), a-smooth muscle actin (SMA) (1:50 dilution, Dakocytomation), muscle actin (1:50 dilution, Dakocytomation), caldesmon (1:50 dilution, DakoCytomation), S-100 protein (1:500 dilution, Dakocytomation), neurofilament (1:50 dilution, Dakocytomation), cytokeratin (1:500 dilution, Dakocytomation), b-catenin (1:1000 dilution, BD Transduction Laboratories, San Diego, CA), and Ki-67 (1:50 dilution, Dakocytomation).
Electron microscopy was performed with samples retrieved from the formalin-fixed tissue sections. The tissue section was postfixed in 1% osmium tetroxide, dehydrated in ethanol, processed through propylene oxide, and embedded in Spurr resin. Ultrathin sections were stained with uranyl acetate and lead citrate, and then examined with an electron microscope.
Sequencing analysis was performed for previously identified mutational hot spots in the c-kit and PDGFRA genes in GISTs. Exons 9, 11, 13 , and 17 of the c-kit gene and exons 12 and 18 of the PDGFRA gene were examined by polymerase chain reaction amplification and direct sequencing method. The detailed procedure is described in a previous paper. 11 
RESULTS

Clinical Findings Case No. 1
A 50-year-old man visited our hospital complaining of acute abdominal pain. Free air was detected by abdominal roentgenogram, and an emergency operation was performed with the clinical diagnosis of perforated gastric ulcer. At surgery, a perforated tumor was found at the serosa of the gastric antrum. Distal gastrectomy was performed. Clinical data on the postoperative course was not available.
Case No. 2
A 68-year-old man underwent laparoscopic cholecystectomy for cholecystolithiasis; a mass lesion was found incidentally at the pyloric antrum during the surgery. The lesion was later confirmed by endoscopic ultrasonography and abdominal computer tomography. Partial gastrectomy was performed 8 months after the first operation. The postoperative course was uneventful, and the patient is alive without any recurrence or metastatic tumor 12 months after the second operation.
Pathologic Findings
In case 1, grossly, a reddish lobulated tumor, 4.0 Â 4.0 Â 2.5 cm in size, occupied the anterior wall of the pyloric antrum and protruded from the serosa. The central portion of the tumor was ulcerated and perforated ( Figs. 1A, B ). In case 2, a grayish submucosal tumor, 4.5 Â 3.5 Â 3.0 cm in size, was found at the anterior wall of the pyloric antrum, and the serosa was granular in appearance ( Fig. 1C ).
Histologic findings of the tumors in cases 1 and 2 were almost identical. The tumors extended from the serosa to the submocosa of the gastric wall and showed a plexiform growth pattern ( Fig. 2A) . Bland spindle tumor cells were observed, and they were separated by abundant intercellular myxoid matrix (Fig. 2B ). Tumor cells possessed oval nuclei and slightly eosinophilic cytoplasm ( Fig. 2C ). There was no evidence of mitotic activity. The stroma was positive for alcian blue and rich in small vessels ( Fig. 2D ). Collagen deposits in the stroma were inconspicuous. Although mast cells were scattered in the stroma, infiltration of lymphocytes, plasma cells, and eosinophils was inconspicuous. The tumor margin was unclear.
Immunohistochemically, the tumor cells were positive for vimentin, SMA (Fig. 3A) , and muscle actin, and negative for KIT ( Fig. 3B ), CD34, desmin, S-100 protein, neurofilament, cytokeratin, and b-catenin. Although most tumor cells were negative for caldesmon, small number of tumor cells showed positive staining for the antibody. The number of Ki-67-positive tumor cells was less than 1%.
Ultrastructurally, the tumor cells in case 1 were oval to spindle in shape and separated by abundant intercellular spaces. The nuclei were round to oval. In the cytoplasm, strands of rough endoplasmic reticulum were (Fig. 4A ). Some cells showed intracytoplasmic microfilaments with focal condensations, subplasmalemmal densities, and pinocytotic vesicles. The tumor cells in case 2 were spindle in shape and possessed oval nuclei. In case 2, intracytoplasmic microfilaments with focal condensations, subplasmalemmal densities, and pinocytotic vesicles were more conspicuous than that in case 1 (Fig. 4B ). The basal lamina was more conspicuous in case 2 than in case 1. Skeinoid fibers were not observed in both the cases.
Mutation Analysis of the c-kit and PDGFRA Genes
No mutations were found in exons 9, 11, 13, and 17 of the c-kit gene and exons 12 and 18 of the PDGFRA gene in both the cases.
DISCUSSION
The tumors described in the present report were characterized by plexiform growth pattern, proliferation of cytologically bland spindle cells, and myxoid stroma that was rich in small vessels and positive for alcian blue stain. Their histologic appearances did not agree with that of any well-defined category of gastric neoplasm. We suggest to designate such a tumor as ''plexiform angiomyxoid myofibroblastic tumor of the stomach,'' reflecting its morphologic features and cell type.
With regard to the lesional cell type, it was problematic whether the tumor was a myofibroblastic neoplasm or a smooth muscle neoplasm. In general, immunohistochemically, myofibroblasts are positive for SMA, and negative for desmin and caldesmon. 1 On the other hand, smooth muscle cells are positive for SMA, desmin, and caldesmon. Accordingly, the immunohistochemical staining pattern of most tumor cells was identical to that of myofibroblasts, and ultrastructural findings were also consistent with myofibroblastic nature. Therefore, we concluded that the tumor was a myofibroblastic neoplasm. However, small number of tumor cells were immunohistochemically positive for caldesmon, and ultrastructural findings of case 2 were rather similar to those of smooth muscle cells. Thus, some tumor cells might possess potential to differentiate toward smooth muscle cells. However, smooth muscle differentiation of those cells was incomplete, because they were immunohistochemically negative for desmin. Although clinical follow-up data were insufficient and there remained some uncertainty about the clinical course and biologic potential, absence of atypia and mitosis in the tumor cells and very low Ki-67 labeling indices suggested the benign nature of the tumor. However, the fact that the tumor in case 1 caused gastric perforation suggests that the tumor might occasionally cause a serious clinical condition.
The primary histologic differential diagnoses include GIST, leiomyoma, leiomyosarcoma, schwannoma, desmoid fibromatosis, SFT, inflammatory fibroid polyp, inflammatory myofibroblastic tumor, and fibromyxoma.
GISTs consist of spindle cells and/or epithelioid cells. In tumor areas composed of spindle cells, these cells are arranged in short fascicles in several architectural patterns including storiform, herringbone palisades, and broad sheets. On the other hand, epithelioid cells are arranged in organoid clusters or sheets. Approximately 90% of GISTs are immunohistochemically positive for KIT, and mutations of the c-kit gene have been found in most of these KIT-positive GISTs. 4, 7, 9, 10, 12, 13 More recently, the PDGFRA gene mutations have been reported in some GISTs without the c-kit gene mutations. 3, 5 The histologic appearance of the present tumors was clearly different from that of typical GISTs, and they were immunohistochemically negative for KIT and CD34. In addition, no mutations of the c-kit and PDGFRA genes were detected. Thus, we consider that the present tumors should be distinguished from GISTs.
Leiomyoma is characterized by the fascicular arrangement of tumor cells that possess spindle-shaped nuclei and markedly eosinophilic cytoplasm. Thus, the histologic appearance of the present tumors was clearly different from that of leiomyoma. The present tumors could be distinguished from leiomyosarcoma because the former were low in cellularity and lacked cellular atypia and mitosis. Gastric schwannoma is histologically characterized by wavy and palisading arrangements of spindle cells, lymphoid cuffing, and S-100 protein immunostaining. These features of shwannoma were not observed in the present tumors.
Desmoid fibromatosis shows long fascicular arrangements of spindle cells and dense collagen deposits. In addition, most desmoid fibromatosis cases show positive immunohistochemical reaction for b-catenin in the nuclei of tumor cells. 8 Although SFT occasionally shows myxoid change, the alteration of hypercellular and hypocellular areas, deposition of dense keloid-type collagen, occurrence of hemangiopericytomalike areas, and positive immunohistochemical staining for CD34 are the most distinguishing features of SFT. These features of desmoid fibromatosis and SFT were not observed in the present tumors.
Inflammatory fibroid polyp is usually a small submucosal lesion characterized by bland spindle-cell proliferation in an onion-skinlike pattern around vessels with eosinophilic infiltrates; these features were not observed in the present tumors. The lack of lymphocyte and plasma cell infiltration distinguished the present tumors from inflammatory myofibroblastic tumor. The immunohistochemical and electron microscopic findings could distinguish the present tumors from fibromyxoma because fibromyxoma is composed of a pure population of fibroblasts. 2, 6 In summary, plexiform angiomyxoid myofibroblastic tumor of the stomach represents a distinctive gastric tumor that has not been described previously. The tumor is characterized by the proliferation of bland spindle cells showing a plexiform growth pattern. The stroma is myxoid and rich in small vessels. The immunohistochemical and ultrastructural findings suggest the myofibroblastic nature of the tumor cells. Although histologic appearance suggests its benign nature, tumor in case 1 caused gastric perforation.
